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Description 



Circuit Arrangement 



5 The present invention relates to a circuit arrangement having a switching unit, ^ ■ 

which is connected to a terminal for a high-frequency signal. Moreover, the switching 
unit is connected to additional signal leads. The terminal of the circuit arrangement is 
connected to a protection device against electrostatic discharges. 

1 0 Circuit arrangements of the type mentioned above are often used as multiband 

frontend modules for mobile telephones. In this application, they are connected to the 
antenna of the mobile telephone at the antenna input. If a user carrying an electrical 
charge contacts the antenna, this may result in an electrostatic discharge (ESD). Such 
electrostatic discharges may produce voltage spikes capable of destroying the circuit 

1 5 arrangement. Consequently, it is necessary to equip circuit arrangements of the type 
mentioned above with a protection device against ESD. 

In high-frequency sections of mobile telephones, among other things, components 
are used that are sensitive to electrostatic discharges. Such components are, for example, 
20 surface acoustic wave filters, gallium arsenide switches, PIN diodes, amplifiers or the 
like. They may be irreversibly destroyed by the action of high-frequency high voltage 
pulses such as those produced by ESD. These problems are just as relevant to discrete 
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gallium arsenide switches and frontend modules with integrated gallium arsenide 
switches as they are to frontend modules with pin switching technology and integrated 
surface wave filters. These problems also concern the ESD-sensitive components that are 
used in the transmission/reception paths of the high-frequency section. This complicates 

5 use in mobile telephones, as a result of which electrostatic discharges directly to the 
antenna input of the gallium arsenide switch or frontend module are possible in external, 
accessible antennas, for external antennas on a car. Many manufacturers of mobile 
telephones therefore require that the frontend modules or gallium arsenide switches have 
ESD resistance in compliance with standard IEC61000-4-2 in the magnitude of 8 kV at 

10 the system level. 

Circuit arrangements of the type mentioned above that are equipped with a 
protection device against ESD are known from the publication WO 00/57515. The 
protection device is designed as an electric high pass filter, to which a capacitor is 
1 5 connected in series with the antenna input path and an inductance is connected in parallel. 

The high pass filter used in the known circuit arrangement to protect the circuit 
arrangement has the disadvantage that the function of the protective element is 
frequency-dependent. All frequency components of a signal are passed through nearly 
20 unhindered from a specific limit frequency. All other frequency components are 

suppressed. The result of this frequency-dependent operating mode is that very many 
frequencies that are not desired in a mobile telephone are still allowed through. For 
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example, frequencies between approximately 1 and 2 GHz are used in mobile telephones 
according to the GSM, PCN or PCS standard. All other frequencies received by the 
antenna are likely to be interfering and must therefore be filtered out. 

It is, therefore, the object of the present invention to specify a circuit arrangement 
i which the protection device against electrostatic discharges is enhanced. 



This objective is achieved by a circuit arrangement according to claim 1 . 
Additional advantageous embodiments of the circuit arrangement may be obtained from 
1 0 the dependent claims. 

A circnit arrangement is specified which has a terminal for a high-frequency 
signal. Furthermore, the circuit arrangement has at least two additional signal leads. In 
addition, a switching unit is provided which is used to connect the terminal to one of the 
,5 signal leads. Furthermore, a primary protection device is provided which is connected 
between the terminal and the switching unit. The protection device includes a voltage 
limitation element which diverts voltage pulses exceeding a switching voltage to a 
reference potential. 

20 The circuit arrangement has the advantage that the diversion of the interfering 

signals caused by BSD is no longer frequency-dependent. Instead, the interfering signals 
are detected based on their voltage elevation and diverted to the reference potential. To 
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that end, i. is advantageous to nse a voltage limitation element having a very low 
.eststanee above a swi.ehing voHage. Below the switehing voltage, the voltage limitation 
element has a very high resistance so tha, signals below the switching voltage pass 
unhindered from the termina! to the switching unit and can be connected to a s.gna, lead 
5 from there. On the other hand, voltage pulses whose voltage elevation is greater than the 
switching voltage are detected reliably and diverted to the reference potential. 

It is thus posstble to advantageously prevent voltage pulses that are not in the 
useful range of the circuit arrangement and have a very high, interfering voltage elevation 
10 from reaching the switching unit unhindered. 

A suitable selection of the switching voltage can make it possible to divert to the 
reference potential only those signals that are pea.er than those of the circuit 
arrangement, for example, steals used to transfer information. This makes it possible to 
,5 reliably block interfering signals whose voltage elevation exceeds the carrying 

capacitance or the maxtmum intended load of the circuit arrangement on reaching the 
switching unit. 

The reference potential may be a ground potential, for example. However, it 
20 should be noted that in the case of mobile telephones, for example, there is no ground in 
the classical sense, but instead only a local ground, which essentially plays the role of a 
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Terence potential but may not be considered an infinitely good diversion for eharge 



h one embodiment of the circnit arrangement, a protection device is provided 
5 whose insertion loss is less than 0.3 dB. Such a protection device has the advantage that 
processing of the useful signals in the circuit arrangement is hardly interfered with, so 
that, for example, when the mobile telephone is used, it is possible to drspense with the 
nseofunnecessarilypowerfid amplifiers, which can improve bout the standby operating 
time and the transmission quality of the information. 

10 

I„ one embodiment of the circuit arrangement, the voltage limitation element has 
a capacitance lower than 1 pF. This can make the parasitic eapacrtanee of the voltage 
.imitation element low enough to prevent an interference of the nsefirl signals or the 
useful signals from being too strongly attenuated. 



For ex; 
element. 



ample, a gallium arsenide double diode is suitable as a voltage limitation 



Such adouble diode may be integrated in the circuitry of the circuit arrangement 
20 insuchawaythattheprimaryproteetiondevicecontarnsaleadthatconnectsme 

.ermmaUo the switching unit. The lead is connected to the reference potential viathe 
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v „ tag eH mte tione tem en,.Th 1 sresuns ta thevona g eH m Ua.io„e 1 e m e„tbei„ g co m ec,ed 
virtually in parallel to the signal lead. 

to another embodiment of the circuit arrangement, a second pro.ee.ive dement is 
5 connected in parallel to the firs, vo.tage limitation dement. In this case, it is 

elements. 

The second pro.ec.ive dement may be, for exampie, a spark gap. The use of a 
contains pin diodes. 

Combinmg.hefirs.voltagelimi.ationeiementwithasecondprotectiveelement 

protection andafine protection. If a gallium arsenide double diode is nsed for the firs, 
voltage .imitation dement, this maybe considered a fine protection for the cirenit 

20 coarseprotection. In this connectton, the term coarse pro.ection refers to currents of np 
to 30 A being capabie of flowing through the relevant protective element. Accordingly, 
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l0 wer — should flow through the vo.tage limitation element that represents the fine 
protection. 

to another embodunent of the circuit arrangement, the seeond protective element 

conduetlve polymer is embedded in a spa* gap, the polymer ehangiug its electrical 
conductivity with the applied voltage. 

to another embodiment of the circuit arrangement, the second protective element 
10 nraybeanovervoltageeomponentwhoseparaainccapacitancedoesnotexceedlpF. 

Such a limit for the capactance is advantageous because it simultaneously limits the 
maximum insertion loss for the second protective element. 

Avaristor maybe considered, for example, as an overvoltage component. 

15 

to another embodiment of the circuit arrangement, an inductive element is 
provided as the second protective element. Itis advantageous if the inductive Cement is 
greater than 1 8 nH. In this case, the second protective element has an adequately low 
insertion loss. 



to addition to the gallium arsenide double diode, any other overvoltage 
component whose parasitic capacitance is lower than 1 pF and has a switching voltage 
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first voltage limitation element with a switching vo.Uge lower *a„ !00 V is used. The 
.owerthe switching voltage of the firs, voltage lin.ite.ion element, the more effectively 
can sensitive components of the circuit arrangement beprotected against excessively high 

the circuit arrangement, for example, to transfer information or speech must also have a 
specific minimum signal elevation, whichmay.of course, no, he included Are switching 
voltageof.be firs, voltage limitation element in order ,„ preventthe transmission of me 
signals or speech from being deteriorated by the second protective element. 

10 

Furthermore, an overvoltage component whose insertion loss is lower than 0.3 dB 
maybe considered as a first voltage limitation element. 

m another embodiment of the circuit arrangement, one or aplurality of control 
15 .cadsisprovidedtocontroHheswitchposifionofthesw.tchingunit.Eachcontro.leadis 

high voltages. 

This embodiment of the circuit arrangement has the advantage that it is also 
20 possibletoeffectivelysuppresstnterferencefromthecontrolleads. 

interference pulse enteringthecircnitarrangemen. directly via the terminals 
Cectrostatic discharge may also generate a high voltage at the circuit arrangement via a 
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ground coupUng or vraacoupling through the .mmon reference potential. This may 
result, for example, fiom the control input ordinarily used m a switch bemg either ata 
hlgh pote„«ia, or a. a low potential. The high potenfia, is defined in flta.it is, for 
example, 2.3 V h,gher than the ground potenfiaiofthe circuit arrangement. Because, tna 

sennas, the signai insertion passes fionr the antennato the system ground, in thecaseof 
aeircni, arrangement ntenfioned ahove, it is a,so possibie to cause an eiectrostattc 
discharge directlyto the ground potenfiaiofthe circuit arrangement. Via.hed.rec, 
couplingofacon.ro, lead to ground via Are condtfion "mgh," the voitage puise ansmg 

lead in addition to the path via the antenna. 

ta one embodiment of the circuit arrangement, a supply lead is provided for an 
operatingvo.tage. The supply lead ,s advantageously, but not necessarily, connected to a 
,5 seeondaryprotecfiondeviceagainstclectrostafiedischarge, 

bee ndesenbed above concemingthe control leads also applies to possible interference 

potentials at the supply lead. 

Especial embodimen.ofthecircui. arrangement, two field effect transistors are 
20 providedintheswitchingnnit. Each break d,s^ee of each field effect transistor 
connects the terminal to a signal lead. Each gate of each fie,d effect transistor ,s 
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connected toacontro, lead. Furthermore, each gate is coated ,o a secondary 
protection device against electrostatic discharges. 

EaCoftheoitedseeondaryproteottondevicesmayinomdeavoitagehnrdation 
eienrenthavngaswitchingvohageiowerthaniOOV. Avaristor or atsoaZener diode, 

for example, may be considered for this purpose. 

ta order to facilitate the diversion of interference impulses to the common 



10 devices are c< 



;onnected to the reference potential. 



Acircui. arrangement in whtch the terminal is the antenna input of a mohile 
a mobile telephone is suggested in particular in this case. 



20 



circuit arrangement man 



To this end, it is also advantageous if the signal leads form the 
transmission/reception paths of a mobile telephone. 

consumption, as well as being very fast. 
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,„ another embodiment of the circu.t arrangement, the switching unit and the 
primaryprorectiondevice as well as the secondary protection device, if necessary, may 
bemtegratedinamnltilayer ceramic suhstiate. This can increase the integration level of 
.na circuit arrangement very effectively, wlnch is of advantage in mohile applications in 
5 mobile radio telephony in particular. 

The present invention will be explained in greater detail below based on 
exemplary embodiments and the associated figures. 



10 Figure 



1 shows an example of a circuit arrangement in a schematic 



representation. 

Figure 2 shows an exemplary embodiment of the primary protection device in a 

schematic representation. 

Figure 2a shows another exemplary embodiment of the primary protection device 

15 in a schematic representation. 

Figure 3 shows another example of the circuit arrangement in a schematic 

representation. 

Figure 4 shows another example of the circuit arrangement in a schematic 
representation. 

20 InthefigureMtshouldbenotedthatelementsthataresimilartooneanotheror 
perform the same function are denoted by identical reference symbols. 
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Flgure 1 showsacircuitarrangementhavingatennina, 1, which is suitable as an 
inpu , or output foraltigh-frer.uency signal. In admtion, a switching umt 3 is provided, 
w hichoptionally connects terminal Ho one of signal leads 2U 21b, 21c, 22a, 22b. 

A primary protection device 41 connected to reference potential 7 is provided 
^eenterminaUandswitchingunHB. Centre! leads 91, 92, 93 are provided for the 
control ofswitchingunit3. Control voltages VC1.VC2.VC3 are apphed to control leads 
91, 92, 93. Each of control leads 91, 92, 93 is connected to a secondary protection devrce 
42. Each of protection devices 42 is connected to reference po.cntiai 7. Secondary 
protection devices 42 are formed by voltage limitation elements 53a, 53b, 53c. These 

be for example, varistors or Zenerdrode, The use of a multilayer varistor having a 
aching voltage lower thanlOOVis considered in particular. Furthermore, a supply 
,ead 100 is provided which supplies operating voltage VCC to switching unit 3 and rs 
..provided withasecoudary protection device42 in the form ofa voltage limitation 
15 e,emcnt54. Secondary protection devices 42 are needed in particular when switching 
u nit3containsa g allium arsenide switch, to the event that swrtching unit 3 cousins 3 
P M d 1 odes,secondaryproteotiondevices42maybedispensedwim. Signalleads 21a, 
21b 21cmay, forexample.be assigned totheRx paths for the reception of si^als of a 

20 sending radio telephony signals of a mobile telephone. 



10 

may 
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Switching unit 3 may also be a ceramic multilayer component containing a 

filters. 

Externa! termina. 1 may be nsed as a htgh-taptency s.gna, input or as a high- 
^nencys.gnaiontpnt.Particn.arconsiderat.onisgiventocon.uctmgtbeGSMsignais 

typica ny used mmobtletelephones into switching nni. 3 via externaUermina. 1 or to 

send them from switching unit 3 to the outside via terminal 1 . 

0 Figure 2 shows a detai.ed representation of pnmary protection device 41 of Figure 

, Itl smdicatedhere, for example, how primary protection device 41 may be designed. 
hrtheexampleofFigure^prima.protectiondevice^hasalead^eadaconnects 

terminal. to swi te hmgunit3. Lead6is connected to a voltage hmitation element 51. m 
the examp.eofFigure2,i,,saga„iumarsemde double diode =md is destgned as annppn 

voltage lowerthan.OOV. Furthermore, it is possible to manufacture such double dtodes 
t0 have an insertion loss less thanO.ldB. Furthermore,!, is possible to manufacture 
double diodes of this type to have a parasitic capachance less than 0.1 pF. Since, 
according.oF.gure 2, voltage limitation element 5, is ,n a parallel crcuit.o lead 6, the 

Voltage hmitauonelementsiisconnectedtoreferencepotentian. Furthermore, ,t,s 
also conceivable to use a pnnp double diode instead of the nppn double diode. 
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.np.hcular.agalnum arsen.de doub.e d.ode h a vi„g a switching voUage between 
30 and 100 V is used as voltage limitation element 41 . 

AccordingtoFign^A.anotherembodiment.sshownforprimaryprotection 

p^-ded-ltisnownotneeessaryforproteenveelementSZtobeaeomponentbavrnga 

veryl ow resistance above a sw,tcbing voltage and a very high resrstance below the 

— — -*»^ ta »- -,, • a,,-ta, ■ , 

10 ^.limitation. The protecttve hmctton of component 52 ,s based on me fact that « 

^ectsleadbtoreferencepotential.asaresnhofwhichafmiteflowofcnrrentts 
maya ,sobeassnmed here that protective element 52 limits the cnrrent load of voltage 

15 Figure 4in.hisregard. However, it may also be a polymer suppressor. Furthermore, a 

-^^^^^ 
cases.it is advantageous, in additionto the two protective elements 51, 52, a!so to 
connectacapac.orSbetween the two protective elements 51, 52 in senes to lead 6. 



20 



This results in an LC component thatis formed fromthecoil and capacitor 8. By 
ana de q natese,ec,ionofmecapacha n ce,whichshou,dbegreaterthan22pFandis47^ 

in one exemplary embodiment of the circuit arrangement, it is possible for the LC 
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component to have an insertion loss less than 0. 1 dB, which is in the frequency range of 
^esttodayfo^ohilerad.otelephony.Ln.hee.empla^e.hocl.mentshowninF.gnre 

2A ,p ro tectivee,e m en,52hasanindnc t anceo f 56nHin,hefon n ofan,nc 1 uc,o r (seea,so 

Figure 3). In one embodiment of the circuit arrangement according to figure 2, in 
; conjunctionwimFigumU.isposaib.e.ospecifyacimnitarmngemen.ma.isRF- 

comp ,ihleforfre q uencieshe W een0and2GHz and which stmultaneous.y, aceordmg to 
Standard IEC61 000-4-2, can effectively suppress ESD pulses up to 8 kV to below the 
error threshold of the components shown otherwise in the figures. 

Voltage limitanonelements 53a, 53b, 53c, 54 should have a switching voltage 
.owerthanlOOV. Preferably, they have a switching voltage ma, is lower than 10 V. The 
aching voltagesmaybeselectedhere to be lower than in terminal, becausethe 
voltages occurringherenormallydo no. stgnificanfiy exceed the customary operafing 
vo„agesof5V. In contrast, voltagesofup to 30Vcanoccur at terminal, whena 
1 5 mobile telephone is operated. 

Figure 3 shows another embodiment for a circuit arrangement in which a 
protective element 52, wmch is a coil, is prov,ded for primary protection device 41. Thus 
makes i. simple to implement the inductance already discussed in figure 2A. 

20 

Furthermore, Figure 3 shows the interna, structure of an exemplary sw,tching umt 
3. Two field effect.ransistors„,,„2areprovided. Each field ef fee. bans, stor 111, 



-15- 



TRANSLATION 

14219-079US1/P2002,0828 US N 
PCT/DE03/03274 

112 has a break distance 121, 122, which can be switched through or also blocked via the 
corresponding gate 131, 132. Break distance 121. 122 connects terminal 1 to a signal 
lead 21a, 22a. Each gate 131, 132 is connected to a control voltage VC1, VC2. 
Furthermore, each gate 131, 132 is connected to a secondary protection device 42, which, 
5 intheexampleofFigureS^savanstorasthevoltageUmitatoelement. Eachofthe 
varistors is for its part connected to reference potential 7. It may also be seen from 
Figure 3 that instead of the nppn double diode of Figure 2 and Figure 2A, the use of a 
pnnp double diode in primary protection device 41 is also considered. 



10 



Field effect transistors 111,112 that are shown in Figure 3 may also be, for 
example, a gallium arsenide switch. Accordingly, it is advantageous if field effect 
transistors 1 1 1, 1 12 are designed based on gallium arsenide. 



Furthermore, the exemplary switching unit may also contain more than two field 
1 5 effect transistors. In this case, each gate of each transistor must be connected to a 
secondary protection device. 

With amaximum signal voltage of approximately 30 V generated in the mobile 
telephone when double diodes are used, the characteristics of the diode itself make a 
20 switching voltage of approximately 30 to 60 V necessary. 
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Figure 4 shows another embodiment of the circuit arrangement in which a spark 
gap is selected for protective element 52. Also, when a spark gap is used, it is 
advantageous in addition to provide a capacitor 8, which is connected to line 6 according 
to Figure 2A and Figure 3. The use of a spark gap as protective element 52 is 
advantageous in particular when PIN diodes are provided in switching unit 3 to switch 
the signals from terminal 1 to signal leads 21a, 21b, 21c, 22a, 22b. 

The described invention is not limited to mobile telephones; instead, it may be 
used in any circuit arrangement in which high-frequency signals occur and in which a 
protection against electrostatic discharges is necessary. 
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List of Reference Symbols 

1 1 
5 21a, 21b, 21c, 22a, 22b £ 

41 1 

42 ! 
51, 53a, 53b, 53c, 54 

10 52 
6 
7 
8 

91,92, 93 
15 100 

vcc 

VC1.VC2, VC3 
111,112 
121,122 
20 131,132 



Terminal 
Signal lead 
Switching unit 
Primary protection device 
Secondary protection device 
Voltage limitation element 
Protective element 
Lead 

Reference potential 
Capacitor 
Control lead 
Supply lead 
Operating voltage 
Control voltage 
Field effect transistor 
Break distance 
Gate 
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